Despite decades of research, demographic historians are still uncertain about mortality trends and determinants in early New England. Although researchers agree that New England mortality was low relative to other regions of early America in the seventeenth century, they disagree about the direction of mortality trends over the course of the eighteenth century. Community-based reconstitution studies conducted in the 1960s and 1970s at first seemed to provide strong evidence of a decline in adult life Social Science History 21:4 (winter 1997).
planations for the discrepancies in the early American mortality literature. First, it considers the possibility that the different mortality trends reported by the various studies reflects a spectrum of New England demographic experiences, part of what Richard Archer terms a "New England mosaic" (1990). Because most investigations have concentrated on small communities, it is possible that intraregional variations in mortality account for the different results. Various determinants of mortality-a community's population, proximity to the coast, economy, and climate--may have engendered a wide variety of mortality levels and trends in New England. Second, it evaluates possible biases in the published studies. To some degree, all estimates of early American life expectancy suffer from small sample sizes and incomplete vital records. The treatment of missing data, or "censoring," is considered in some detail. Recent methodological investigations conclude that "migration censoring" -the loss of individuals from observation due to their migration from the area of study--may severely bias life expectancy estimates made by community-based reconstitution studies.
Data
To test the preceding hypotheses, this study relies on a neglected source: biographical sketches of the graduates of Yale College published by Franklin B. Dexter in the late nineteenth and early twentieth centuries (Dexter 1885 (Dexter -1912 ). Dexter, a librarian and historian at Yale, spent most of his life working on the biographies and appears to have examined every potential source. In addition to the records available at Yale, most notably the Alumni Triennial Catalogue and annual obituary records, he consulted genealogies, town records, and tombstones and even corresponded with descendants in an effort to reconstruct the complete life history of each graduate.
There are obvious limitations in relying on Yale graduates to infer the mortality experience of New England's inhabitants. Infant and childhood mortality cannot be measured. Perhaps the most serious limitation concerns the selectivity of the data. How representative of the general population were the Yale graduates? Although it is impossible to dismiss selectivity biases completely, the possible distortions are far less significant than they first appear. Studies of preindustrial mortality in Europe consistently report that an elite advantage in life expectancy did not emerge until the late eighteenth (20) is the sample size at age 20; e20 is years of remaining life expected at age 20, and so on. be20 for males and females is life expectation at age 21. CRough estimates of sample sizes at age 20 based on person-years at risk. dLife expectancy at age 20 estimated from mean age at death figures. eCombined sample size of 645 divided evenly between men and women. fe20 for males and females is life expectation at age 21, e30 at age 31, and so on.
Intraregional Determinants of Adult Mortality
Although Yale graduates generally shared similar, upper-class backgrounds, they lived fairly diverse lives. Most settled in rural Connecticut towns, but enough lived in urban areas and other colonies to provide contrasting mortality experiences. College graduates generally pursued professional careers, but occupations varied within this class. One in three Yale graduates became a minister, one in four a lawyer, and another one in four a doctor or a merchant. Most graduates surviving to old age eventually married, but 445 died having never married. Given their similar backgrounds, mortality differentials observed within the Yale graduate population could be assumed to arise from the graduates' postgraduation life experiences, not from initial differences.
Using event-history techniques, this section estimates the impact of residence type (urban/rural and coast/interior), residence colony, migration history, occupation, and marital status on graduate survival.6 Mean and median survivals from age 30 are compared for various groups, and differences in their survival functions are tested for statistical significance with the log-rank statistic. In addition, proportional hazard models are constructed to control for potential covariance among the factors.7
Urban/Rural and Coast/Interior Residence Crude death rates in early New England varied markedly from town to town.
High rates of natural population growth, dispersed settlement patterns, and a low level of background mortality resulted in infrequent but intense outbreaks of infectious diseases that struck some villages with tremendous force and missed others completely (Dobson 1989; Caulfield 1938; Duffy 1953) . Given that smaller, isolated villages were more likely to escape epidemics, it is perhaps reasonable to assume that these short-term differentials in mortality led to substantial advantages in the average duration of life. In his classic synthesis of early New England mortality studies, Maris Vinovskis argued that residents of rural towns, especially those isolated from major trade routes, enjoyed greater life expectancy than inhabitants of more densely populated urban centers, although the differential became less significant in the nineteenth century (1972). Recent analysis of crude death rates by Mary Dobson seems to confirm his hypothesis (1989), but the existence of a significant urban/rural differential in life expectancy remains inconclusive due to possible differences in death registration, population estimates, and age structure between urban and rural areas.8 Life expectancy estimates are limited to a few small, agricultural towns; large urban centers such as New York and Boston have not been studied. Even comparisons of life expectancy among the existing rural town studies are risky; early researchers relied on small samples and did not explicate their methods or describe their sources.
The Yale data provide a unique opportunity to measure the impact of residence type on adult survival. Most graduates, of course, lived in the small towns and rural areas that comprised the overwhelming bulk of the early American landscape. But enough graduates lived in urban locations to allow us to compare their mortality experience with that of their rural classmates. We can also compare the mortality experience of graduates living on the coast or near port towns, whether urban or rural, with that of graduates living in the interior.9 Table 2 depicts the results of three Kaplan-Meier survival analyses of the Yale data. Mean and median survival from age 30 is given for each factor. A third possibility for the smaller-than-expected urban/rural differential in survival is the analytic treatment of urban/rural status as a constant, rather than a time-varying factor. A small percentage of the graduates living in rural areas at age 30 moved to urban areas later in life, and a small percentage of the graduates living in urban areas migrated to rural areas. Although the numbers of graduates changing residence type are small, they tend to reduce the absolute differential observed." A fourth possibility is that, although they did not enjoy an overall advantage in life expectancy, elite populations were well adapted to survival in urban environments. Richard and Claudia Bushman, for instance, argue that modern notions of cleanliness were first adopted by wealthier segments of society beginning in the eighteenth century (1988). Perhaps these newly acquired habits of personal hygiene mitigated the health risks associated with urban areas. Finally, another possibility for the lack of a significant differential in urban/rural survival is this study's necessary focus on adult mortality, which may obscure larger and more significant differentials in infant and childhood mortality. Individuals surviving to age 30 in urban areas may have already been exposed to several acute infectious diseases, immunizing them from subsequent danger. Meindl and Swedlund have observed that cohorts of individuals born in early-nineteenth-century western Massachusetts who were "stressed" in childhood (through exposure to an unusually high level of infectious disease) subsequently enjoyed higher levels of adult survivorship than that of unstressed, control cohorts (1977). This effect may have actually increased in importance toward the end of the colonial period; Kunitz argues that many acute infectious diseases had settled into an endemic pattern before 1800, especially in densely populated areas, increasing the likelihood that urban adults would have been previously exposed (1984). Carolina legislators (although more erratically), from 24.9 in the 1650-99 birth cohort to 27.5 in the 1750-64 birth cohort (Levy 1987 (Levy , 1996 . The Yale graduate survival results also support the mortality literature on the middle colonies, which reports male life expectancies at age 30 in the low 30s, just slightly below most estimates for New England (Kantrow 1989; Henderson 1990 ).
Colony of Residence

Migration History
Because the Yale data document each graduate's lifetime migrations and residences, we can test whether nonmigrants enjoyed an advantage in survival over that of migrants. Survival analysis reveals that less than a quarter-year differential in mean survival separates graduates residing in the town of their birth at age 30 from those migrating between colonies or within their natal colony (Table 4) .12 Moreover, the statistical test for difference between the survival functions of "stayers" and "movers" proved insignificant, so we cannot reject the null hypothesis that survival of migrants and nonmigrants was equal. Only when lifetime migration is considered does migration seem to play a significant role in determining graduate survival, with migrants outliving nonmigrants by over five years. The difference, however, is almost certainly due to problems of circularity and selection. Because the cumulative chance of having migrated increases with age, graduates living longer lives were more likely to have migrated than graduates dying young. We should not be surprised, therefore, to find that a graduate dying at age 30 was more likely to die in his town of birth than a graduate surviving to age 90. Differences in survival between lifetime movers and stayers implies that community-based reconstitution studies (which rely exclusively on lifetime stayers) may be subject to substantial biases, discussed in more detail later.
Occupation
Occupational differences in survival are compared in Table 5 . The longest mean survival from age 30, an additional 38.8 years, was observed for graduates pursuing farming and agricultural careers. Ministers survived 36.1 years on average, followed by public servants (34.7), teachers (34.2), lawyers (33.9), merchants (32.5), and doctors (32.3).13 The apparent differential between farmers and professionals should be interpreted with caution. Most eighteenth-century graduates, even those pursuing a professional calling, probably operated a farm. Only those graduates explicitly mentioned by Dexter to be operating a farm and with no other known profession were classified as farmers. Their relative rarity in the records increases the probability that their estimated advantage in survival was due to chance variations in the data.14 In fact, as the reported level of significance indicates, the survival function of farmers was found not to be significantly different from that of ministers.
Marital Status
Demographic studies of modern populations consistently show that married men live longer than unmarried men. Two categories of hypotheses attempt to explain the relative advantage enjoyed by those who marry. Marriage protection emphasizes the potential health benefits that individuals receive from marriage as a result of various social, psychological, or economic factors. Several studies, for instance, observe that marriage discourages risky behaviors, and others report that married individuals benefit from the sharing of economic resources and a division of labor. The presence of a spouse also may aid in recovery from illness or poor health through the reception of better care. Marriage selection presumes that healthier individuals are more likely to marry in the first place. Individuals with observably poor health or unhealthy behaviors such as alcohol or substance abuse may find it more difficult to attract a spouse. Potential spouses also may be excluded from marriage through a wide range of selection criteria, including poverty, emotional instability, and physical unattractiveness, some of which may be correlated with higher mortality.
Despite the robust relationship between marital status and mortality in the twentieth century, no study of early American mortality has investigated the mortality experience of never-married individuals. The neglect is probably attributable to the convention of using marriage to establish the population "at risk." Because Yale graduates enter the at-risk population at graduation, however, it is possible to evaluate the impact of marital status on adult mortality. Of the 2,553 men who graduated from Yale College between 1701 and 1805, only 12 were married before obtaining their degree, which occurred at the mean age of 21.0. Most graduates delayed marriage until they were well established in a professional career, resulting in a mean Regardless of the relative importance of marriage protection and marriage selection factors, the Yale data confirm that marital status was a significant determinant of male life expectancy in early America. Therefore, the exclusion of never-married individuals from most early American mortality studies probably biases reported life expectancies at younger ages upward. If we assume that the Yale population was representative of the general population in terms of the proportions marrying and the marital status mortality differential, the exclusion of never-married individuals from these studies results in overestimating male life expectancy at age 20 by about two years.
Multivariate Hazard Analysis
In the preceding survival analyses, explanatory variables were tested sepa- Proportional hazard models (Cox regression) allow us to control for potential interactions among multiple independent variables, or covariates (Allison 1984) . Hazard models are analogous to multivariate regression models. Unlike typical regression models, however, hazard models can incorporate cases with censored observations. Hazard models can also accommodate time-varying covariates, allowing us to control for conditions that change over a graduate's lifetime. For categorical variables, the estimated parameter coefficients represent deviations from the hazard rate of the omitted category. The larger the hazard coefficient on a parameter, the sooner the event (death) occurs. Using event-history techniques and the well-documented population of Yale graduates, this section provided estimates of suspected determinants of eighteenth-century mortality. It found that while some factors were statistically significant determinants of graduate survival, their impact was generally modest. Marital status and colony of residence were the principal exceptions. Never-married graduates experienced a significantly greater risk of death than ever-married graduates, probably as a result of a combination of marriage selection and marriage protection factors. Intercolonial differen-tials in survival were less pronounced but still significant. Graduates residing in Connecticut suffered a two-to four-year disadvantage in survival at age 30 from graduates living in other New England colonies. Urban/rural residence proved to be a weak determinant of adult survival. Graduates living in urban centers and near the coast suffered slightly higher mortality than graduates living in rural towns and the interior, but the differences were small and possibly due to chance variations in the data.
The modest mortality differentials among colonies and the lack of significant urban/rural and coast/interior differentials suggest little diversity in New England's mortality experience. Short-term differentials in mortality, of course, might occasionally be high, but long-term differentials and trendsespecially within the concentrated setting of most New England mortality studies-were probably small. Given the distinctive differences in mortality trends estimated by different methods noted later in this essay, the relatively small differentials within the Yale population suggest that discrepancies in the mortality literature are more likely to be due to small sample sizes and methodological biases.
Biases in Early New England
Mortality Studies
Investigations of early New England mortality generally can be classified as one of two types: community-based reconstitution or family-based genealogical studies.18 Since a death registration system was not established in New England until the late nineteenth century, all studies of early New England mortality rely on nontraditional sources. Reconstitution studies attempt to recover the vital events and family relationships of every resident in a selected community using a wide variety of surviving records. Table 1 ).
Selectivity biases are perhaps an even greater concern. Researchers have long questioned the representativeness of the reconstituted population in community-based studies. In addition to their failure to migrate, reconstituted individuals are more likely to have kin in the community, own land, and be married than the general population -factors that may be associated with greater longevity. Using a computer simulation of English reconstitution studies, however, Steven Ruggles has recently demonstrated that the systematic exclusion of migrants results in a severe downward bias in life expectancy estimates, even if migrants and nonmigrants shared the same age-specific mortality rates. Because the cumulative chance of migration increases with age, early deaths will always be over-represented among the known deaths. Many of the individuals who died in the community of their birth would have migrated had they lived longer. Ruggles concludes that existing methods to counter the bias introduced by migration censoring, while better than no method at all, are inadequate for demographic regimes characterized by high mortality and moderate to high rates of migration (1992).21 The "Ruggles Effect" has been empirically demonstrated by Kasakoff and Adams using New England genealogical sources. Mean age at death for men surviving to age 20 and dying in the town of their nativity was 8.2 years lower than that of men who moved at least once in their lifetime and 5.6 years lower than that of the population as a whole (Kasakoff and Adams 1995).
Although group differences in mortality between movers and stayers may act as a countervailing bias to migration censoring, Ruggles's study clearly suggests that trends in migration will spuriously affect trends in life expectancy reported by community-based studies.22 If out-migration rates were increasing in the eighteenth century, the reported decline in life expectancy may be in error. In his reconstitution study of Andover, Massachusetts, Philip Greven noted that out-migration was increasing in the 
Family-Based Genealogical Studies
In theory, family-based genealogical studies of mortality are not subject to migration censoring. The compiler presumably traced all family descendants regardless of their residence location and number of moves. In practice, however, genealogical records also suffer from missing vital dates, some of which may be due to migration censoring. In his recent investigation of nineteenthcentury mortality, Clayne Pope noted that 11% of the men in a typical family genealogy were missing birth dates, and 43% were missing death dates. The respective percentages for women were even higher: 16% were missing birth dates, and 64% were missing death dates. Moreover, the average rate of increase in genealogical populations is typically below the rate expected through natural increase, indicating substantial attrition of individuals from the study (Pope 1992 Clearly, more research is needed on the potential biases in genealogical records, especially in the eighteenth century. At the very least, attempts should be made to include right-censored individuals in life expectancy estimates and to utilize event-history techniques to estimate mortality determinants and possible biases.24 While genealogical records represent a great potential source for learning more about early American population patterns, the current evidence of a dramatic increase in eighteenth-century life expectancy should be treated with caution. The evidence from communitybased studies supports this hypothesis. Given even a worst-case scenario for biases induced by migration censoring, life expectancy estimates from community-based studies suggest a much flatter trend than that estimated by genealogical studies-a trend, in fact, closer to that observed for the graduates of Yale College.
Conclusion
The study of mortality in early America lacks a clear consensus on mortality trends and determinants. Roughly half the published studies report a long-term decline in life expectancy; the other half document a long-term increase or no secular trend. Using the rich data available for men graduating from Yale College between 1701 and 1805, this study tested two hypotheses that may explain the discrepancies. First, intraregional determinants of mortality were estimated to determine the likelihood of a wide variety of mortality levels and trends within New England. With the notable exceptions of marital status and regional residence, event-history analysis of suspected mortality covariates revealed a relatively "flat" mortality experience. No significant differential in survival was observed between graduates living in rural and urban areas or between those living in coast and interior communities. Small differentials in survival were apparent among graduates living in different New England colonies. But because most mortality studies rely on data drawn from Massachusetts, these small differences cannot explain the various levels and trends in mortality estimates. While one cannot completely discount the possibility that the different results reflect unique community experiences, the modest differentials observed within the Yale population suggest that long-term mortality patterns were similar across most of New England.25
Instead, this study concludes that methodological biases explain much of the variation in reported mortality trends. All estimates of early American mortality suffer biases due to the fragmentary historical record. Because most community-based estimates of life expectancy make no attempt to compensate for the effects of censoring biases, however, errors in these studies are probably the most severe. Since out-migration was increasing in the eighteenth century, life expectancy estimates from community-based studies probably suffer an increasing downward bias with later birth cohorts. A rough estimate of the potential biases suggests that once changing migration patterns are controlled for, life expectancy in most New England communities remained the same or increased moderately throughout the eighteenth century. Family-based genealogical studies, though subject to far less migration censoring than community-based studies, are not immune to bias. While more research is needed on the potential biases in estimates derived from genealogical records, the dramatic increase in eighteenth-century life expectancy documented with these sources should be viewed with suspicion. The "corrected" trends in community-based studies and evidence from the graduates of Yale College-probably the most complete and clearly defined population studied in early America--suggest more moderate change. Although mean age of graduation was in the early 20s (21.0), individual ages were widely distributed. Thus, analysis of graduate survival from graduation, while representing the original criterion for establishing risk and encompassing more years, is complicated by the need to control for age at graduation. In addition, a few explanatory variables, such as residence and occupation, change rapidly for a few years after graduation, after which time they become relatively stable. Graduates pursuing a ministerial career, for instance, tended to preach to several congregations before being permanently "called," usually within a few years after graduation. Graduates beginning medical careers either apprenticed for a few years with an established physician or, in the later years of the study, enrolled in special medical colleges before establishing themselves in practice at a needy community. By age 30 most graduates had established themselves in a lifelong occupation at a permanent residence.
All survival analyses were conducted with SPSS using Kaplan-Meier survival or Cox regression techniques. Mean and median survival are routinely estimated by SPSS with Kaplan-Meier analysis, which provides a display of mortality experience through the nonparametric estimates of the survival curve. Because distributions of survival times are typically skewed, median survival is perhaps the better measure of central tendency. I concentrate my discussion on mean survival, however, because of its closer relationship with life expectancy. 8 It is difficult to place much confidence in crude death rates for a number of reasons.
First, the completeness of colonial death registration is known to have varied over time and place, reducing confidence in the accuracy of the numerator (Gutman 1958 108-9). Even if life expectancies are equal, an older age structure will result in a higher crude death rate. Finally, urban death rates are biased upward due to their inclusion of "seasoning" mortality among recent immigrants. So although a rural advantage in life expectancy is believed to exist, the evidence is far from conclusive. graduates living in rural areas, only 2 moved to an urban location sometime later in life, and just 4 of 24 graduates living in urban areas at age 30 subsequently moved to a rural location. 12 Graduates were classified as nonmigrants if they were living in their natal town at age 30. Unless the graduate was born in New Haven, however, all graduates were migrants in the sense that they lived for a few years in New Haven while attending college.
Minister-physicians, more common in the early eighteenth century, were classified simply as ministers, and graduates pursuing several occupations were classified, in order, as either a minister, lawyer, doctor, merchant, teacher, public servant, or farmer. Thus, a graduate employed in law and operating a farm or business was considered a lawyer. Most Yale graduates served a few years in some public capacity but were designated public servants only if no other evidence of a professional career was mentioned. 14 In their study of early New England families, Kasakoff and Adams report that men engaged in farming died at older ages than men with nonfarm occupations, suggesting that the advantage in survival of farmers relative to other graduates with professional occupations was not due to chance (Kasakoff and Adams 1995). 15 All graduates known to have ever married were treated as part of the never-married population from the age they graduated until the age they married, at which point they were assumed to exit observation. They therefore contribute risk years, the denominator of the age-specific mortality rates, from graduation until marriage but do not contribute deaths to the numerator. Never-married graduates contribute risk years from graduation to death and also contribute deaths to the numerator. In the calculation of life expectancy for ever-married graduates, individuals were not designated at risk until the age they married. Single graduates never contribute risk years or deaths to the age-specific mortality calculations for married graduates. skyrocketed more than 15 years in Salem, remained relatively stable in Andover, fallen by more than 8 years in Nantucket, and erratically risen (at age 25) more than 10 years in Hingham (see Table 1 ). The wide variety of results is probably the result of even smaller sample sizes, a greater percentage of missing data, and additional sources of bias. Women, for example, are likely to exit observation if they remarry, and they appear less often in wills and other colonial records, making it difficult to define the at-risk population precisely (Hacker 1996 
